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1 Introduction 

 

This second volume of the Key Emerging Issues 2025 edition completes the information collected by ANT 
from the International Conference on Water Chemistry in Nuclear Reactors (NPC-2025) held in 
Busan, Korea. The conference gathered a broad range of contributions covering chemistry-related 
challenges and operational experience across existing reactor fleets as well as emerging reactor 
technologies. 

Boiling Water Reactor (BWR) chemistry issues were represented in the conference, although the 
number of contributions was lower than in previous NPC editions. Nevertheless, several valuable papers 
were presented, including operating experience related to the restart of Japanese BWR plants following 
the Fukushima accident in 2011 and updates to international BWR chemistry guidelines. Other 
important topics addressed in the conference included auxiliary and radwaste systems, which remain 
recurring themes in nuclear chemistry conferences due to the diversity of operating experience and 
ongoing research in these areas. 

Flexible plant operation and chemistry optimization programs continue to attract attention as nuclear 
plants adapt to evolving grid demands. Although fewer communications were presented on these topics 
compared with previous conferences, the available studies highlight the increasing importance of 
chemistry management under variable power operation. 

This report also includes references to communications addressing Small Modular Reactors (SMRs) 
and other advanced reactor concepts. The number of contributions related to these technologies has 
increased significantly compared with previous NPC conferences, reflecting the growing interest and 
rapid development of advanced reactor designs worldwide. Because of the large variety of reactor 
concepts and the wide range of operating conditions and materials involved, this field remains diverse 
and still somewhat fragmented. However, it is expected to expand considerably as these designs move 
closer to deployment. 

Finally, several contributions addressed lifetime management, long-term operation, and plant 
aging, topics that are increasingly relevant for the current global reactor fleet. Although the NPC 
conference is not dedicated specifically to aging management, a number of communications provided 
valuable insights into degradation mechanisms, corrosion control strategies, and operational practices 
supporting extended plant lifetimes. 
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2 BWR Chemistry and Radiochemistry 

2.1 BWR Water Chemistry 

The NPC conference had only one specific oral presentations session on BWR chemistry and there were 
additional contributions from this technology in other oral sessions and posters. It is a fact that the 
studies concerning this type of reactors have decreased when compared with previous NPC conferences, 
anyway, there are interesting communications, such as a new version of the EPRI BWR chemistry 
Guidelines or the experience of cleaning and conditioning the water-steam cycle for returning to 
operation the first BWR reactor in Japan, after many years of shutdown since the Fukushima accident. 
Other interesting papers were the advance in the EPRI effort to provide BWRs with a radiolysis model 
suitable for FPO at low power operation, the update of the Swiss research on fundamental 
understanding of the zinc effects in BWR environment or the optimization and base metal protection of 
carbon steel systems (common in i.e. RWCU system in many BWR) in a decontamination process. 

a) EPRI Update on BWR Fleet Chemistry Performance 

As it was mentioned for PWR reactors, EPRI presented an update of the BWR fleet chemistry trends 
from its Chemistry and Assessment (CMA) database that collects data from BWR plants since 1997 and, 
at present, it covers practically all operating BWRs (31 U.S. BWRs and 8 non-U.S. BWRs: two in Mexico 
and 6 in Europe, and Japanese plants in the past and present) [Barber, Branham et al., 2025].  

In 2024 EPRI issued its rev.2 of the BWR Chemistry Guidelines [EPRI-BWRVIP, 2024] that define action 
levels and good practise values for the most relevant chemical parameters monitored in the different 
chemistry regimes applied in this type of reactors. In Figure 2-1 it is shown the percentage of database 
member plants that are achieving Good Practise and Needed values in the Chemistry Guidelines. It is 
significant that most plants do not meet the Good Practice value for reactor water soluble Co-60, 
probably due to the cobalt inventory still present at some older plants, and some plants operating with 
On-Line NobleChem™ (OLNC) that is, online noble metal injection, exceed feedwater total zinc values, 
due to zinc injection rates required to achieve the reactor water Co-60(s)/Zn(s) recommendation in the 
Guidelines for control of shutdown radiation fields. It is significant that almost all the fleet is fulfilling 
the good practise values for chloride and sulphate in reactor water, both anions that promote the 
development of IGSCC. 

 

Figure 2-1: BWR Chemistry Performance with Respect to BWR Water Chemistry Guidelines [9] Good Practice and Needed 
Values, modified figure according to [Barber, 2025] 
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Concerning BWR chemistry regimes for IGSCC mitigation, the US BWR started applying Hydrogen Water 
Chemistry (HWC) in the 80’s, Noble Metal Chemical Addition (NMCA) at the end of 90’s and On Line 
NobleChem (OLNC) in the late 2000’s. At present, all US BWR except two units, are applying ONLC as it 
is shown in Figure 2-2. OLNC technology is applied also in 2 BWR in Mexico and 2 BWR in Europe, and 
eventually, it will be applied in several Japanese BWR. 

 

Figure 2-2: Chemistry regimes applied in US-BWR for IGSCC mitigation, modified figure according to [Barber, 2025] 

Feedwater iron has experienced a significant reduction along the years, mostly attributed to 
improvements in condensate polishing systems, due to the installation of condensate prefilters at plants 
originally designed with only deep bed (DB) polishing and use of high efficiency iron removal septa at 
condensate filter demineralizer (CF/D) plants, as shown in Figure 2-3. Low feedwater iron reduces the 
load of fuel as well as reduces the zinc needed to achieve low shutdown radiation fields. The ratio of FW 
Zn/Fe >0.6 will minimize cobalt incorporation in the crud deposited on the fuel and will result in lower 
Co-60 releases during operation, shutdown and transients. 

Reactor water and feedwater zinc trends are shown in Figure 2-3. The number of plants maintaining 
reactor water zinc >10 ppb has been steadily increasing since 2000. Higher zinc concentrations are 
needed to meet the reactor water Co-60(s) to Zn(s) goal [EPRI, 2008], particularly after OLNC, as 
increased Co-60(s) has been observed after switching to this regime. 

 

Figure 2-3: (Left) Feedwater Iron in BWR with different type of condensate polishing. (Right) BWR Fleet Reactor Water and 
Feedwater Zinc Trends 

b) EPRI Boiling Water Reactor Water Chemistry Guidelines Revision 2 

A general view of the EPRI Boiling Water Reactor Water Chemistry Guidelines rev.2 (BWRVIP-190 
version 2 document) [EPRI,2024] was presented highlighting the most impacted updates [Barber, Jarvis 
et al., 2025]. The main objective of the BWR guidelines is to provide proactive water chemistry guidance 
aimed at mitigating environmentally assisted cracking (EAC), maintaining fuel integrity, and controlling 
flow-accelerated corrosion (FAC) and radiation fields. Some discussions on chemistry management 
strategies during flexible operation and updated recommendations for shutdown and startup practices 
to optimize chemistry control have been included in this version 2. 
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3 Auxiliary Systems Water Chemistry and Waste 
Treatment 

Auxiliary Systems and more specifically, cooling water systems are crucial for the efficient performance 
of a power plant and, in a nuclear station, some cooling system have safety functions which performance 
must be guaranteed in any condition. The great variety of water qualities, environments and materials 
in these systems make them a subject for continuous improvements and for this reason they are always 
present in any conference of nuclear plant chemistry. Radwaste is  another recurrent issue of diverse 
areas of actions and improvements. In the NPC 2025 a good set of interesting communications on these 
two areas, both in operating experience and successful progress were presented. 

3.1 Cooling Water Systems 

Several interesting papers were presented in the cooling water systems area. Starting with one specific 
and interesting study on the flow effects of carbon steel corrosion in demineralized water systems, such 
as the spent fuel cooling systems in many BWRs, continuing with the improvements in corrosion control 
additive in closed cooling systems and adjustments of the secondary effects of corrosion of the 
microbiological control programs in essential cooling waters, complemented with the experience of an 
advanced online microbiological corrosion monitoring system. Finally, the strategy and experience of 
the EdF fleet of sea water cooled plants on macrofouling control optimization and the implementation of 
a BAT technique for this issue is presented, a recurring problem that affects to any coastal station. 

a) Long-Term Corrosion Prediction of Carbon Steel in BWR Cooling Systems under 
Varying Flow Conditions [Yamazaki G., 2025] 

A study from the Japanese research centre CRIEPI was presented on the carbon steel corrosion piping 
under demineralized aerated water, such as the spent fuel cooling systems. These systems are typical of 
BWR plants, that in Japan have been in prologued shutdown since the Great East Japan Earthquake in 
2011. In the current environment, (pH 6.5–7.5, Cl⁻ concentration below 0.1 mg/L, air saturation, 30°C), 
the effect of flow conditions on the uniform corrosion of carbon steel remains unclear, and accurate 
long-term predictions of corrosion rates are yet to be established.  

A prologued investigation was conducted for to investigate how corrosion rates and corrosion 
potentials of carbon steel evolve over time under flowing and stagnant conditions. The aim was to 
model changes in the corrosion process and predict long-term corrosion rates.  

Carbon steel tube specimens (JIS STPT480) with an inner diameter of 10 mm and an outer diameter of 
12 mm were used. Figure 3-1 shows a schematic diagram of the corrosion test loop. Three specimens 
were simultaneously installed in the system and exposed to the flow conditions shown in Table 3-1. The 

test solution was demineralized water air saturated and maintained at 30ºC, with 0.1mg/L Cl- by 

addition of NaCl and pH 7.4 adjusted with NaHCO3. 
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Figure 3-1:  Schematic diagram of the corrosion test loop, modified figure according to [Yamazaki., 2025]. 

The corrosion test was conducted for a total duration of 7747 h. The thickness change and 
electrochemical potential (ECP) of each specimen were monitored at 1-hour intervals using an external 
Ag/AgCl reference electrode. Thickness changes were determined by monitoring the electrical 
resistance [Lister, 2005] and corrosion rate was calculated as thickness changes rate per hour, averaged 
for 48 hours. The time-dependent thickness change data were analysed using the 4-STEP corrosion 
model [Fujiwara, 2021], as illustrated in 

Figure 3-2. 

Table 3-1:  Initial flow conditions and flow regimes in test sections A–C. * Reynolds number and velocities are 
calculated for a tube with an inner diameter of 10 mm. 

Test section A B C 

Flow rate [L/min] 9.4 1.0 0.5 

Initial Re* [-] 2.5×10⁴ 2.6×10³ 1.3×10³ 

Initial flow velocity* [m/s] 2.0 0.21 0.11 

Flow regime Turbulent Transitional Laminar 

© ANT International, 2026 
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4 Flexible Operation 

There has been no specific communication concerning exclusively to FPO experience in the NPC-2025. 
In NPC-2023 conference, EPRI presented a statistical approach to evaluate the impact of FPO in iron 
transport in the secondary system [Marks et al., 2023] and EdF communicated the specific FPO impact 
in radwaste and effluent management in its fleet [Viricel L. et al., 2023]; both summaries can be found in 
LCC19 ANT report. In the present conference, FPO impact has been mentioned in the EPRI BWR 
Chemistry Guidelines (BWRVIP-190 version 2) communication as a specific chapter in the guidelines, 
which general content is described in subchapter 2.1.b). Additionally, operating experiences concerning 
to increased MCO in BWR operating in FPO has been described in subchapter 2.4.b). 

A communication from the chemical instrumentation company SWAN, suggests the positive use of 
monitoring the Degassed Conductivity after Cationic Exchange (DCACE) [Nogales M. 2025]. An analytical 
online technique developed by this company, consisting in applying a degassing step previous to the 

cation (or acid) conductivity detection (CACE) was presented. With this technique, the CO2 contribution 

to the cationic conductivity is eliminated and only the contribution of contamination anions, such as Cl-, 

SO4
2=, organic acids, is detected. This technique has demonstrated being very useful in combined cycle 

gas plants that operate in a total flexible operation, with frequent shutdown and startups. During shut 

down, condenser vacuum is partially loss and air enters the condensate system. CO2 in the air is 
dissolved in the condensate water at pH values of 9.0-9.8 and its removal is very slow as it is combined 

as NH4HCO3, causing an elevated cation conductivity, in many cases above the recommended limit of 
0.5µS/cm. In these plants, higher cation conductivity can be tolerated for a short period during startups 

provided that the increased conductivity is attributed to CO2 and not to deleterious contaminants. 
Figure 4-1 shows an example of DCACE and CACE in a steam sample of a combined gas plant startup. 

 

Figure 4-1:  Online DCACE and CACE measurements in steam sample in a gas plant startup, modified figure according to 
[Nogales, 2025] 

The DCACE online monitor measure the conductivity of a sample after passing it though a cation 

exchanger to eliminate cations, and a degasser, to eliminate dissolved CO2. The system developed by 
Swan uses typically an online Electrodeionization device (EDI) for removing cations without the need 
for regeneration, and a degasser that heats the sample to a temperature closed to the boiling point at 
atmospheric pressure and later, cools the sample in a heat exchanger, Figure 4-2. 
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5 Chemistry Optimization Programs and Compliance 
Management 

Management of chemistry programs is not only a task of performing a schedule of chemistry 
determinations, following up online parameters and keeping laboratory quality. The assessment of the 
condition of all system from these determinations and the communication and integration of these 
inputs into the plant general assessment is of vital importance for the optimized performance of a 
nuclear plant along its operating life. Chemistry guidelines are crucial to keep a consistency of the plant 
condition evaluation in the look for excellence applying good practises and to make sure that actions are 
taken according to the severity of the deviations detected, all of this based in the international 
experience and current knowledge. Effective surveillance of the plant performance in chemistry, and 
any other area, is an essential task to provide a view of the plant condition and, with the adequate tools, 
it can give indication on the areas that need an effort of improvement. For this reason, performance 
indicators at international, at fleet and at singular plant level are a tool to monitor the current condition 
and identify these areas that need for an action. For this important task, online monitoring, 
automatization of analysis and data collection and treatment management are tools for process 
optimization that must be taken into consideration for modernization and competitiveness and to 
minimize human error. 

In NPC2025 there has been a number of communications in this area, from the Japanese approach to a 
risk-informed chemistry guidelines to the UK experience on the use of fleet compliance monitoring in 
chemistry or the Chinese proposal of a new chemistry performance indicator for PWR chemistry. Other 
important contributions are the EdF experience of a new advanced integrated information system for 
chemistry or the Chinese experience on laboratory automatization and robotization. 

a) Application of Risk-Informed Approach to Water Chemistry Guidelines in Japan 
[Kawamura H. & Ui A., 2025] 

The Atomic Energy Society of Japan (AESJ) made a communication highlighting the new concepts that is 
going to apply in the revision of the Japanese water chemistry guidelines for BWR and PWR, considering 
the effects of plant aging and the new approaches of nuclear safety.  

With the implementation of the Act on Promotion of Green Transformation (GX), the existing reactors 
that have passed the review of the latest regulatory standards by the Nuclear Regulation Authority 
(NRA) are permitted to operate for more than 60 years. As on September 2025, there were 14 nuclear 
reactors in operation in Japan, 12 PWR and 2 BWR. In March 2026 another BWR, Kashiwasaki Kariwa 
unit 6, is scheduled to restart and there are some 10 reactors pending to return to operation in the 
coming years. Additionally, the NRA regulator has introduced a measure (the so-called “count stop”) 
which allows plant outage periods due to safety reviews by the Nuclear Regulation Authority (NRA) to 
exclude from the plant life, which can delay up to 10 years the definitive shutdown for some units. 

Since the existing reactors can now be operated for more than 60 years, the Water Chemistry 
Management Subcommittee has been working to revise the Water Chemistry Guidelines, considering the 
effects of plant aging, and starting to discuss the ensuring of nuclear safety and with approach based on 
“Risk-Informed” in the US [NRC's Regulatory Guide 1.174]. For this reason, the revision of the Water 
Chemistry Guidelines will incorporate safety concepts such as Risk Informed Approach (RIA) and 
Defense-In Depth (DID). Water chemistry guidelines for PWRs and BWRs in Japan cover normal 
operation, startup, shutdown, and storage of LWRs. The main purpose of the guideline establishment is 
to prevent anticipated operational occurrences (AOO) and accidents from occurring and to detect their 
early signs. 

AESJ provided a safety level classification and definition of DID for nuclear power plants in Japan, based 
on the IAEA's concept of DID (Figure 5-1) and Table 5-1 shows the concept of water chemistry based on 
the DID after the Water Chemistry Management Subcommittee examined safety goals in water 
chemistry and preventive measures required for water chemistry. Most of the preventive measures 
from water chemistry belong to the level 1 and some to level 2. 
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Figure 5-1:  Levels of Defence in Depth (DID) and Plant Condition according to AIEA, modified figure according to [Kawamura, 
2025] 

Table 5-1  Concept of water chemistry based on DID by the Atomic Energy Society of Japan. 

 Level 1 Level 2 Level 3 

 

Level 4 Level 5 

Definition 
in the 
AESJ 

Prevention of 
abnormal 

operation and 
failures 

Control 
of 

accident 
to limit 

radiologic
al 

releases 

Mitigation of accident 
impact 

Countermeasures for accidents 
exceeding design standards 

Disaster 
prevention 

Accidents 
encompass
ed by DBA 

Design 
basis 

accident 
(DBA) 

Before SA After SA Decommissioning 
of 1F 

Water 
chemistry 
safety 
objectives 

Prevention of 
anticipated 
operational 
occurrences 

Early 
detection 
of 
abnormal
ities and 
accidents 

➢ Prevention of core 
damage, 

➢ Maintenance of 
cooling 
performance 

➢ Determination of 
FP release 
behavior before fuel 
pellet melting 

➢ Reducing 
public 
exposure 

➢ Post‑accide
nt 
understandi
ng of FP 
behavior 

➢ Prevention 
of core 
damage 

➢ Maintenance 
of cooling 
performance 

➢ Suppression 
of FP 
release from 
fuel pellets 
and fuel 
debris 

 

Preventive 
measures 
required for 
water 
chemistry 

Water 
chemistry 
control based 
on the state of 
arts 
understandings 

Immediat
e 
detection 
of 
coolant 
leakage 

Protection of radioactive 
leakage to off‑site and 
mitigation of 
environmental impact 

Measures to prevent SA and mitigation 
of SA effect in preparation for beyond 
DBA 

Small effect of 
water chemistry 

© ANT International, 2026 

Water chemistry control for PWRs and BWRs is conducted in areas where the risk of plant safety 
disruptions such as power failure, pipe rupture, or release of radioactive materials that could lead to 
plant shutdown is small, even when water quality measurement data deviate significantly from stable 
operation values. However, to prevent such risks, it is necessary to detect deviations from stable 
operation values at an early stage by measuring water quality, and to improve and restore water quality 
by all possible means. Adopting these measures, the operator can eliminate the risks and maintain the 
integrity of the plant. 

Several issues related to water chemistry-nuclear fuel-structural material-radioactive waste 
interactions belong to levels 3 and 4 of the DID for nuclear safety. For example, the release behaviour of 
fission products (FP), post-accident FP behaviour, and leakage before breakup (LBB) are considered to 
fall under the level 3 of the DID because they are affected by the interaction between nuclear fuel and 
water chemistry. For the reduction of public exposure, the superimposed effects of nuclear fuel, 
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6 Advanced Reactors and SMR 

Small Modular Reactors (SRM) and new Generation IV have had a limited presence in NPC conferences 
until the one in 2025 where there has been up to three oral sessions and a good number of poster 
presentations, a sign of the lively activity that the industry is developing in this area. Obviously, there 
have been more communications concerning the modular reactors that are evolutions of the current 
generation III reactors but also it is significative the communications on molten salts reactors and other 
concepts. New reactors have countless challenges, one of them is regarding chemistry, as the PWR based 
concepts propose a boron-free chemistry with KOH as alkalizing agent with its implications on materials 
and corrosion products transport, other is materials, as new materials are proposed to cover with 
different chemistries and more challenging thermodynamic conditions, to achieve a higher thermal 
efficiency. Even more demanding environments, such as molten salts or supercritical water conditions 
require more specialized resistant materials. Other challenge is minimization, as the modular concept 
and intrinsic safety required a reduction in size of components, which increases some phenomena, such 
as particle deposition. The set of papers presented in this chapter is a good snapshot of some of the 
challenges involved in the development of these reactors. 

Updated information on the design and features of the different concepts and designs proposed as SMR 
and advanced reactors can be found in the Advanced Reactor Information System (ARIS) in the IAEA 
web site: Advanced Reactor Information System | Aris 

a) Corrosion Comparison of 316L Stainless Steel in Boron-Free i-SMR Coolant: 
KOH vs. LiOH [Choi W. et al, 2025] 

A study by the Busan University analyses the effect of the proposed primary water chemistry on 
primary system structural materials. South Korea is developing an innovative small modular reactor (i-
SRM) featuring, like other SMRs, a boron free core design, for simplicity and economic efficiency, as it 
simplifies the CVCS, reduces the radioactive liquid waste and avoids crud induced power shift (CIPS). A 

strategy of pH control has been proposed with KOH, instead of 7LiOH, which availability is committed. In 
fact, extensive experience in VVER and studies to justify the KOH alternative have shown that there is no 
significant impact in fuel performance and SCC behaviour of the main structural materials. However, all 
the corrosion studies have been performed on a borated chemistry and there is a knowledge gap on the 
influence of the new alkalizing environment in material degradation. 

SS 316L is the material candidate for piping, valves and pumps in i-SRM reactors and this has been 
chosen for the research. To explore its corrosion behaviour, test specimens were exposed for up to 2000 
hours at 320ºC and 15 MPa in an autoclave with a circulating loop. pH was adjusted either with KOH or 

LiOH at 7.2 at 320ºC. O2 was reduced to < 5 ppb and DH was maintained at 25 cc/kg throughout the 
tests. Specimens surface was examined by SEM and XPS and corrosion rate was measured by 
gravimetric methods after descaling with a 2 steps process. 

The SEM exam of specimens showed a similar morphology for both environments and the oxide 
morphology was similar to that of steels exposed to conventional PWR primary water. The XPS depth 
profiles that shows the elemental distribution within the oxide and allows to determine the oxide 
thickness (Figure 6-1) showed the typical thickness increase with time but the growth decreased 
between 1000 and 2000 hours. The oxide formed in the KOH environment was marginally thicker than 
that in the LiOH environment, but the difference was not substantial. 
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Figure 6-1:  Comparison of XPS depth profiles for oxide films on 316L SS formed in LiOH (a) and KOH (b) environments at 320 °C 
after 250-2000 hours, modified figure according to [Choi, 2025] 

The corrosion and release rate observed is very similar in both environments, showing a high value in 
the initial 250 hours and a rapid decline and stabilization, as it is observed in this type of steels at high 
temperatures. The rates measured are lower than those observed by [Shim et al., 2023] (Figure 6-2) at 
310ºC and comparable to those reported for conventional PWR [Exposito et al. 1992]. No significant 
difference in release behaviour was observed between the LiOH and KOH conditions, indicating 
comparable performance of the two pH control agents under boron-free conditions. 

 

Figure 6-2:  (a) Corrosion and (b) release rates of 316L SS exposed to boron-free primary water at 320 °C, compared with the data 
from boron-free ammonia and borated PWR environments, modified figure according to [Choi, 2025] compared to 
[Shim, 2023] and [Exposito, 1992]. 

The key finding of this study is that the choice between LiOH and KOH was found to have no significant 
impact on the corrosion behaviour of 316L SS under these conditions. The similarity in performance, 
despite the different properties of Li⁺ and K⁺ ions, is attributed to the extremely low cation 
concentration used for pH control, which minimizes their distinct chemical influences. This finding 
supports the viability of simplified water chemistry designs for advanced reactors such as the i-SMR. 
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7 Lifetime Management Long Term Operation and 
Plant Aging  

Corrosion control is an essential activity for plant life preservation. Said that, all chemistry activities 
related to corrosion control are considered lifetime management for preventing plant aging. However, 
plant lifetime management considers not only corrosion degradation from system fluids but a broad set 
of degradation mechanisms and stressors affecting diverse materials. NPC conference is not a long-term 
life management specific forum, but some communications cover activities and experiences that are 
related to lifetime management and it’s worth to mention.  

Communications like the description of a corrosion map of plant systems, an activities from the Korean 
nuclear operator to stablish a fleet corrosion management system or the experience of a plant 
identifying and characterizing a buried cooling water pipe external failure due to corrosion are among 
the life management related papers. Others are concerning thermal aging of organic polymers and its 
behaviour at high temperatures or microstructural studies on accelerated thermal aging mechanisms of 
cast austenitic stainless steels or nitride stainless steels that are candidate for SMR operating at higher 
temperatures than the conventional reactors. 

a) Development of a Corrosion Map for the Establishment of a Corrosion 
Management System [Kim&Hwang, 2025] 

KHNP, the Korean nuclear operator, presented a poster with some features of the management system 
that the company has launched with the aim of collecting all data and reports on corrosion from 
different sources, both internal and from external organizations and platforms, to provide a visual 
representation of the entire plant system displaying corrosion occurrences per system in numerical 
form and presenting database statistics through charts and figures. 

The company found that, apart the main large primary systems and steam generators, corrosion 
occurring in other blind management spots, such as buried piping and stagnant flow sections, may have 
adverse effects on the safe operation of power plants. The access to the information on these events is 
dispersed across multiple specialized systems which access is complex as permissions are often 
required and the registered information sometimes lack consistency. For this reason, a corrosion map 
was developed in three stages as depicted in Table 7-1 

Stage Prototype Development Program Development Program Advancement 

Description Determination of feasibility 
and direction 

Development of a web-based 
program 

Automation and incorporation 
of user feedback 

Method Performed internally Collaboration with the development department 

© ANT International, 2026 
 

Corrosion map configuration at its first level is shown in Figure 7-1. 
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Figure 7-1:    Detailed Configuration of the Corrosion Map 

The development of the corrosion map was internally developed in three steps: 

• Corrosion Case Analysis: Analysis of corrosion cases using domestic and international 
operational experience, including information such as plant, occurrence date, system, 
equipment, corrosion type, and material. 

• Database Construction: Indication of corrosion status and statistical information for each 
system on plant schematics, and specification of corrosion and operational information on each 
detailed drawing. 

• Program Development and Application: Integration of schematics with reference materials 
(internal systems), and regular updates and sharing of information. 

By utilizing the corrosion map, key statistical data for corrosion management in nuclear power plants 
such as system, material, and corrosion type have been collected. These data enable statistical analysis 
and can serve as a foundational resource for future corrosion management activities and for aging 
management programs. It also serves as a tool for enhancing corrosion management engineering 
capabilities by supporting the identification of similar cases, root cause analysis, and effective regulatory 
response. At present it’s an internal tool developed as a web-based program. 

b) Penetration Defect in Turbine Building Closed Cooling Water System Pipe      
[Yoo J.-N., 2025] 

The KHNP Hanul-4 unit reported an event of external corrosion in a service water system that caused 
the plant shutdown. In this plant the Turbine Building Close Cooling Water System (TBCCW) 
experienced an important loss in the surge tank (3.3 tons/h). One of the heat exchangers was replaced, 
several buried pipe inspection and excavations (8 times) could not find the leak until a mixed hydrogen 

gas test showed H2 detection in the main transformer area (why not using Helium??). The plant was shut 
down for the maintenance repair. 

The leak was found in the TBCCW pump outlet buried pipe around the main transformer from the 
turbine building wall towards the water intake. A robotic visual video inspection inside the 570 m long 
piping was performed finding no other penetration or defects. In accordance with “Underground and 
buried pipes/tanks Aging Management ”, direct inspection was performed after excavation of the buried 
pipe covering surface inspection and UT thickness measurements (Figure 7-2). 
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8 Executive Summary 

The NPC-2025 conference provided a comprehensive overview of current developments in nuclear 
power plant water chemistry, materials degradation, and operational chemistry management across 
both existing reactor fleets and emerging reactor technologies. The contributions reviewed in this 
report highlight several key trends shaping the future of nuclear plant chemistry programs. 

8.1 BWR Chemistry and Radiochemistry 

Recent developments in BWR chemistry reflect the continued maturity of mitigation technologies for 
environmentally assisted cracking (EAC) and radiation field control. Updates to the EPRI BWR Water 
Chemistry Guidelines (Revision 2) incorporate new experimental data and operational experience, 
including revised limits for key impurities such as chloride and enhanced guidance for hydrogen water 
chemistry and noble metal applications. 

Operational experience indicates that On-Line NobleChem (OLNC) has become the dominant 
chemistry regime for intergranular stress corrosion cracking mitigation in the U.S. BWR fleet. At the 
same time, plant operating experience and modelling improvements, including updates to the BWRVIA 
radiolysis model, are supporting improved prediction of oxidant chemistry under flexible operating 
conditions. 

Several studies also provided improved mechanistic understanding of zinc injection effects on oxide 
films and corrosion behaviour, confirming its role in reducing oxide thickness and improving 
protective film properties. 

8.2 Secondary and Auxiliary Systems Chemistry 

Chemistry management in auxiliary systems continues to be a critical element of plant reliability and 
corrosion control. Cooling water systems remain an active area of research due to the wide variety of 
materials, environmental conditions, and degradation mechanisms involved. 

Recent studies highlight: 

• Improved corrosion prediction models for carbon steel in demineralized cooling systems. 

• Optimization of corrosion inhibitor concentrations in closed cooling systems. 

• Enhanced monitoring technologies for microbiologically influenced corrosion (MIC) and biofilm 
growth. 

Operational experience from plants such as the South Texas Project demonstrates that optimization of 
chlorination strategies and implementation of online monitoring can significantly improve corrosion 
management in essential cooling water systems. 

8.3 Fouling Control and Cooling Water Management 

Macrofouling control remains a major operational challenge for coastal nuclear plants. Experience from 
the EDF fleet confirms that electrochlorination remains the most effective and practical treatment 
method when optimized for seasonal biological growth conditions. 

Recent studies also evaluated alternative approaches, including pulsed chlorination and antifouling 
coatings. Results indicate that continuous chlorination remains the most effective method for 
controlling mussel growth in seawater cooling systems, although optimization of dosing strategies can 
reduce environmental impact and chemical consumption. 
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8.4 Radwaste Treatment and Accident Management 

Radwaste management remains an active area of innovation. Notable developments include: 

• Wet chemical oxidation processes capable of decomposing ion-exchange resins and significantly 
reducing final waste volumes. 

• Development of mobile contaminated water treatment systems designed for deployment in 
severe accident scenarios. 

• Improved waste characterization using portable CZT gamma spectroscopy detectors, 
enabling more accurate radionuclide identification and potentially reducing disposal costs. 

These developments demonstrate continued progress toward reducing radioactive waste volumes and 
improving emergency response capabilities. 

8.5 Chemistry Monitoring, Digitalization and Performance 
Management 

A significant trend highlighted at NPC-2025 is the digital transformation of nuclear chemistry 
programs. Several contributions described the integration of digital tools, automated monitoring 
systems, and advanced data management platforms. 

Examples include: 

• Fleet-wide chemistry performance monitoring systems. 

• Advanced digital chemistry management software platforms. 

• Automated sampling and laboratory robotics systems. 

These developments are enabling improved data quality, reduced manual workload, and faster 
identification of abnormal chemistry conditions. 

8.6 Advanced Reactors and SMR Chemistry 

The number of contributions related to Small Modular Reactors (SMRs) and advanced reactor 
concepts has increased significantly compared with previous NPC conferences. 

Key research topics include: 

• Boron-free primary chemistry and alternative alkalizing agents (KOH vs. LiOH). 

• Corrosion and metal release behaviour of candidate structural materials. 

• Activity transport modelling for simplified primary systems. 

• Materials performance under high-temperature water, supercritical water, and molten salt 
environments. 

These studies highlight the substantial materials and chemistry challenges associated with advanced 
reactor designs, particularly in high-temperature and aggressive coolant environments. 

8.7 Lifetime Management and Plant Aging 

Several contributions addressed degradation mechanisms relevant to long-term operation of nuclear 
plants. These include corrosion mapping programs, buried piping corrosion events, and materials aging 
studies. 
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List of Abbreviations 

AAS/HGA Heated Graphite Atomic Absorption Analysis 
AESJ Atomic Energy Society of Japan 
AECL Atomic Energy of Canada Limited 
AL Action Level (for Guidelines) 
ALARA As Low As Reasonably Achievable 
ALARP As Low As Reasonable Practicable 
AOO Anticipated Operational Occurrence 
AOP Abnormal Operating Procedure 
ANO Arkansas Nuclear One (a PWR plant in the US) 
ANT Advance Nuclear Technology 
ANTI ANT International 
AOA Axial Offset Anomaly 
APR Advanced Pressurized Reactor (Advanced PWR, Korean design) 
ARC Alternative Repair Criteria (for SG tube cracking) 
ARIS Advanced Reactor Information System (IAEA web page: https://aris.iaea.org) 
ASTM American Society for Testing and Materials 
ATF Accident Tolerant Fuel 
BAST Boric Acid Storage Tank 
BAT Best Available Technology 
BNFL British Nuclear Fuel Limited 
BOA Boron Offset Anomaly 
BOC Beginning of Cycle 
BOP Balance Of Plant (Systems out of the Nuclear Island) 
BRAC BWR Radiation Assessment and Control 
CACE Conductivity after Cationic Exchange 
Cap-EDI  Capacitive Electrodeionization 
CAS Chinese Academy of Science 
CBB Crevice Bent Beam Test 

cc/kg Ncm3/kg or STPcm3/kg (referring to dissolved hydrogen in primary system) 
CCPI Chemistry Control Performance Indicator 
CD Cold Drawn (a fabrication method for SG tubes, among others) 
CEI Chemistry Efficiency Index (INPO performance indicator) 
CERT Constant Extension Rate Test 
CGN China General Nuclear Power (Chinese Utility) 
CGR Crack Growth Rate 
CIPS Crud Induced Power Shift 
CILC Crud Induced Localized Corrosion  
CMA Chemistry Monitoring and Assessment (EPRI database on plant chemistry parameters) 
CNNC China National Nuclear Corporation (Chinese Utility) 
CP Corrosion Products 
CPD Cumulated Percentage of Data 
CPI Chemistry Performance Indicator 
CPS Condensate Polishing System 
CR Chloroprene Rubber 
CRIEPI Central Research Institute of Electric Power Industry (Japan) 
CRDM Control Rod Drive Mechanism 
CRUD Deposits on fuel cladding. (Chalk River Unidentified Deposits) 
CS Carbon Steel 
CT Compact Tension Test 
CVCS Chemical and Volumetric Control System 
CZT Cadmium Zinc Telluride (Detector for Gamma Spectrometry) 
DB Deep Bed of resins, a type of demineralizer 
DBB Double Cantilever Beam Test 
DCACE Degassed Conductivity after Cationic Exchange 
DCPD Direct Current Potential Drop (Method for quantifying crack growth) 
DF Decontamination Factor 
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DH Dissolved Hydrogen 
DID Defence In Depth 
DNB Departure from Nucleate Boiling 
DO Dissolved Oxygen 
EAF Environmentally Assisted Fatigue 
ECP Electrochemical Corrosion Potential 
ECT Eddy Current Test 
EDI Electrodeionization 
EDM Electric Discharge Machine 
EDS Energy Dispersive X-Ray Spectroscopy 
EdF Electricité de France 
EDX Energy Dispersive X-Ray Spectroscopy 
EDY Effective Degradation Years 
EFPY Effective Full Power Years 
EIS Electrochemical Impedance Spectroscopy (Corrosion test method) 
EOC End of Cycle 
EPDM Ethylene Propylene Diene Rubber 
EPR Ethylene Propylene Rubber (Polymer) 
EPR European Pressurized Reactor (Advanced PWR designed by Framatome) 
EPRI Electric Power Research Institute 
ESSC Enhanced Spacer Shadow Corrosion 
DZA Depleted Zinc Acetate 
DZO Depleted Zinc Oxide 
F/D Filter Demineralizer or Powdex Filter, a type of demineralizer 
F/M Ferritic/Martensitic Steel 
FA3 Flammanville-3 (EPR plant in France) 
FAC Flow Accelerated Corrosion 
Fen Environmental Factor (for Fatigue) 
FFA Film Forming Amine 
FFP Film Forming Products 
FIB Focused Ion Beam Electronic Microscopy 
FKM Flouroelastomer (commercially known as Viton®) 
FPO Flexible Power Operation 
FSAR Final Safety Analysis Report 
FSD Full System Decontamination 
FW Feed Water System 
FTIR Fourier Transform Infrared Spectroscopy 
GDOES Glow Discharge Optical Electronic Microscopy 
HAZ Heat Affected Zone 
HDCI High Duty Core Index 
HDFP High Duty Fuel Plants 
HFT Hot Functional Test 
HOP Hydrazine Oxalic Permanganate (Decontamination process) 
HOR Hide Out Return 
HP High Pressure 
IAEA International Atomic Energy Agency 
IAPWS International Association for the Properties of Water and Steam 
ICP-OES Induced Coupled Plasma-Optical Atomic Emission 
ICP-MS Induced Coupled Plasma-Mass Espectrometry 
IGSCC Intergranular Stress Corrosion Cracking 
INPO Institute of Nuclear Power Operations 
IR InfraRed (wave band) 
JIS Japan Industrial Standards 
KAERI Korea Atomic Energy Research Institute 
KEPCO Korea Electric Power Corporation 
KHNP Korea Hydro & Nuclear Power Corporation 
LCF Low Cycle Fatigue 
LFEC Low Frequency Eddy Current 
LPR  Linear Polarization Resistance (method for corrosion rate monitoring) 
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Unit conversion 

 

TEMPERATURE  MASS 

°C + 273.15 = K             °C × 1.8 + 32 = °F  kg lbs 

T(K) T(°C) T(°F)  0.454 1 

273 0 32  1 2.20 

289 16 61    

298 25 77  DISTANCE 

373 100 212  x (µm) x (mils) 

473 200 392  0.6 0.02 

573 300 572  1 0.04 

633 360 680  5 0.20 

673 400 752  10 0.39 

773 500 932  20 0.79 

783 510 950  25 0.98 

793 520 968  25.4 1.00 

823 550 1022  100 3.94 

833 560 1040    

873 600 1112  PRESSURE 

878 605 1121  bar MPa psi 

893 620 1148  1 0.1 14 

923 650 1202  10 1 142 

973 700 1292  70 7 995 

1023 750 1382  70.4 7.04 1000 

1053 780 1436  100 10 1421 

1073 800 1472  130 13 1847 

1136 863 1585  155 15.5 2203 

1143 870 1598  704 70.4 10000 

1173 900 1652  1000 100 14211 

1273 1000 1832     

1343 1070 1958  STRESS INTENSITY FACTOR 

1478 1204 2200  MPa√m ksi√inch 

    0.91 1 

Radioactivity  1 1.10 

1 Sv 
1 Ci 

1 Bq 

= 100 Rem 
= 3.7 × 1010 Bq = 37 GBq 
= 1 s-1 

   

 


